Measurements of the complex dielectric constant of seawater at 30.00 psu, 35.00 psu and 38.27 psu over the temperature range from 5 o C to 35 0 C at 1.413 GHz are given and compared with the Klein-Swift results. A resonant cavity technique is used. The calibration constant used in the cavity perturbation formulas is determined experimentally using methanol and ethanediol (ethylene gycol) as reference liquids. Analysis of the data shows that the measurements are accurate to better than 1.0% in almost all cases studied.
INTRODUCTION
This paper describes continuing measurements of the dielectric constant of seawater at 1.413 GHz by a resonant cavity technique. Details of the physical measurement setup have been discussed in IGARSS 2007 paper [1] and measurements of seawater at 30 psu over a temperature range from 10 o C to 35 o C have been presented in the MicroRad Specialist Meeting in March, 2008 [2] . As has been pointed out in [2] , the measurement method relies on the perturbation formula 1 2 / ,
(1 ) , 
where the complex dielectric constant, r r r i , is calculated from the frequency shift, , f and the shift in the cavity Q occurring upon the introduction of seawater into the cavity. The measurement method depends on the calibration constant, C, which can be obtained from the measurement of a reference liquid with a known dielectric constant. In [2] the calibration constant was calculated using measurements of methanol.
Ho, et al [3] made L-band seawater dielectric measurements using the cavity technique in 1974. Blanch and Aguasca [4] have made measurements of seawater dielectric more recently at this frequency using a waveguide method.
Following these introductory comments, new measurements of the calibration constant using methanol, ethanediol (ethylene glycol) and ethanol will be discussed in section II. In section III, measurements of seawater at 35 and 38 psu are presented along with previously obtained results at 30 psu. Concluding remarks appear in section IV.
CALIBRATION
In this manuscript, new measurements of the calibration coefficient using several different reference liquids with known dielectric constants will be explored. Four liquids have been considered as candidates. They are: methanol, ethanediol, ethanol and butanol. Accurate dielectric constants for all liquids in the frequency and temperature range of interest can be found in Gregory and Clark [5] . In the past, the calibration coefficient has been obtained using an average of several methanol measurements. Recently, a few more methanol measurements have been made after a time lapse of several months and after several small changes to the measurement setup. These measurements have been incorporated into the average and a new calibration coefficient has been computed. Measurements of ethanediol have also been made and used to obtain a calibration constant. The two other liquids, butanol and ethanol, have not been chosen as a reference liquids due to their smaller dielectric constant values compared to the dielectric constants of methanol and ethanediol.
In Table I , the real and imaginary parts of the dielectric constants at 1. dielectric constant value causes a smaller resonant frequency shift and quality factor change. Thus, the C constant value becomes more dependent on resonant frequency and quality factor fluctuations. For example, a frequency shift of 24 KHz occurs when methanol is introduced into the cavity while only a 7.5 KHz shift occurs for ethanol. A fluctuation of 100 Hz variation in resonant frequency shift leads to a 0.42 % change in the C constant calculation in the case of methanol, and 1.34% change in the case of ethanol.
Methanol
The experimental data for the methanol calibration measure- 
Ethanediol
Ethanediol was chosen as a second calibration liquid because of its comparatively high dielectric value. Four experiments were conducted, and their average results are shown in Table III . The ethanediol experiment results have a greater variance than methanol measurements. This may be attributed to the fact that ethanediol is more viscous and has a natural susceptibility to combine with water. The calibration coefficient was evaluated using the data given in table III for ethanediol at 20 o C. The calibration coefficient obtained using the average value of the frequency shift given in Table III was found to be 794×10 3 . This calibration constant value is 0.47 % greater than the one obtained by using methanol. 
DATA
The complex dielectric constant measurements of seawater at 30.00, 35.00 and 38.27 psu over the temperature range from 10 o C to 35 o C in increments of 5.0 o C are given in Figs. 1-6. Several measurements have been conducted at each temperature and salinity value to observe the repeatability of the results. The data has been calibrated using the new methanol calibration constant of 790×10 3 . The 30.00 psu measurements which were shown in recent MicroRad specialist meeting [2] are reevaluated by using the new calibration constant. Since the old and new calibration coefficients differ by only 0.5%, the new data for 30.00 psu is very close the results presented in [2] . The average dielectric constant of three experiments at each temperature value with error bars for real and imaginary parts are plotted in Figs. 1 and 2 respectively. As can be seen from the figures, the GWU 30.00 psu dielectric constant results for the real part are lower than Klein and Swift [6] results by 1.3% -2.1 % while the imaginary values 2 have been shifted up and down by this amount. It is seen that even with this variability taken into account, the measurements of the real part of the dielectric constant are still below the Kline Swift results.
CONCLUSIONS
In this paper, the complex dielectric constant of the seawater at 30.00 psu, 35.00 psu and 38.27 psu has been measured at Comparison of the measurement results with Klein and Swift has shown that the real part is generally 2% lower than the value predicted by Klein and Swift while the imaginary part is in better agreement.
Finally, four different reference liquids were considered. Those with lower dielectric values were eliminated for accuracy considerations while ethanediol exhibited some unusual behavior which is still being investigated. . 
